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Bearing PSs3-type Tripodal Tetradentate Ligand
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The metal complexes bearing tripodal tetradentate ligand are expected to have trigonal
bipyramidal structure with a vacant coordination site. In recent years, many chemists have focused
on these ligands, because the vacant coordination site can show activation of small molecules,
catalytic activity, and special reactivity. Sulfur compounds have been known as catalyst poisons
from long ago. On the other hand, the activation sites of hydrogenase and nitrogenase have cluster
structures containing sulfur and metal. In addition, thioether sites in a metal complex bearing
NSs-type tripodal tetradentate ligand show intramolecular ligand exchange reaction. These results
show sulfur ligands are very interesting. Phosphine ligands are very important ligands. There are
many metal complex catalysts having these type ligands like PPhs and BINAP. PSs-type tripodal
tetradentate ligands have these three factors, that is, tripodal tetradentate ligand, thioether ligand,
and phosphine ligand. There have been reported on studies of some Ni, Pd, Pt, and Mo complexes
bearing PSs-type tripodal tetradentate ligand bearing methyl group on the thioether site. However,
studies of catalytic activity of these complexes are very rare. We think PSs3-type tripodal tetradentate
ligand still have unknown properties about reactivity, catalytic activity, and structure.

In this study, the author reports synthesis of group 10 metal complexes bearing PSs-type
tripodal tetradentate ligand bearing isopropyl or tert-butyl groups on the thioether sites, which was
synthesized by Takeda and coworkers. In addition, the author clarifies structure, reactivity, and
catalytic activity of these complexes.

Dimethylpalladium complex, [Pd(CHz)2{P[CesHs-2-SCH(CH3)2]s}], reacted with an
equimolar amount of protic acids, HX, to give the corresponding monomethylpalladium complexes,
[PAX(CH3s){P[CsH4-2-SCH(CHs3)2]s}] or [Pd(CHs){P[CsH4-2-SCH(CHs3)2]s}]X, via substitution
reaction of the Me group with X. In addition, this complex reacted with 2 molar amounts of protic
acids (HCl, TfOH, CF;COOH, HBF4) having low pKa to give the corresponding cationic palladium



complexes. On the other hand, this complex reacted with 2 molar amounts of protic acid
(CH3COOH) having high pKa to give the monomethylpalladium complex.

The author synthesized cationic chloropalladium complexes, [PdC1{P[C¢H4-2-SC(CH3)3]3} X,
bearing P[CsH4-2-SC(CHj3)3]s. In addition, dimethylpalladium complex,
[PA(CH3)2{P[CsHs-2-SC(CHz3)3]3}], was synthesized by the reaction of cationic chloropalladium
complex, [PdCI{P[C¢H4-2-SC(CH3)3]3}]BF4, with MeLi. These cationic chloropalladium
complexes could be synthesized by the methods similar to those for the palladium complexes
bearing similar ligand. Dimethylpalladium complex, [Pd(CHs){P[CsH4-2-SC(CHs)s]s}], reacted
with an equimolar amount of protic acids (HCI, TfOH, HBF4, AcOH) to give the corresponding
monomethylpalladium complexes via substitution reaction of the Me group with the conjugate
bases. In addition, this complex reacted with 2 molar amounts of the acids to give the corresponding
monomethylpalladium complexes.

Cationic palladium complexes bearing ligand with high Lewis acidity showed catalytic
activity to isomerization of alkenes and the catalytic isomerization selectively gave the
corresponding E-alkenes. Cationic palladium complex,
[Pd(CF3S03){P[CsHs-2-SCH(CH?a)2]3}]CF3S03, showed catalytic activity for Mizoroki-Heck Cross
coupling reaction. Various-temperature NMR studies of palladium complexes showed
intramolecular ligand exchange reaction between thioether sites on the palladium metal.

Crystal structure of dimethylpalladium complex showed that the Pd-C (methyl) bond length at
the trans-position of the phosphine was longer than the another Pd-C (methyl) bond length at the
trans-position of the thioether part. This result suggests that trans effect of the phosphine was
stronger than that of the thioethers. X-ray structural analyses of dichloropalladium complex,
[PACI{P[CsHs-2-SCH(CH?3)2]3}]Cl, gave two types of structures, trigonal bypiramid and square
planer. Recrystallization from CHCIls, H2O and hexane afforded crystals of the cationic complex
having trigonal bypiramidal structure. On the other hand, recrystallization from AcOEt and hexane
gave crystals of neutral complex having square planer structure.

Palladium complexes with trigonal bipyramidal structure have longer Pd—S bonds than those
of the palladium complexes bearing similar ligand with trigonal bipyramidal structure. The three
Pd-S bond lengths in the palladium complexes were close values to each other. These properties of
the Pd-S bond lengths can be explained by the larger steric hindrance of fert—butyl groups than that
of isopropyl groups.

Various palladium complexes were synthesized from dimethyl palladium complex and protic
acids. The synthesized palladium complexes showed catalytic activity to isomerization of alkenes
with E selectivity. The X-ray crystallography of complex showed that this complex can have two
types of structures, neutral complex with square planer structure and cationic complex with trigonal

bipyramidal structure depending on the recrystallization solvents. As described above, palladium



complexes bearing ligands showed unique properties and catalytic activity. Further research on such

complexes will progress in the future.



